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Introduction: The aim of this study was to review the literature and evaluate the failure rates and 
factors that affect the stability and success of Temporary Anchorage Devices (TADs) used as 
orthodontic anchorage. 
Methods: Data were collected from electronic databases: MEDLINE database, Scopus, and Web of 
Knowledge. Four combinations of term were used as keywords: [screw orthodontic failure], [screw 
orthodontic success], [implant orthodontic failure] and [implant orthodontic success]. The following 
selection criteria were used to select appropriate articles: articles on implants and screws used as 
orthodontic anchorage, data only from human subjects, studies published in English, studies with 
more than 50 implants/screws, and both prospective and retrospective clinical studies. 
Results: The search provided 209 abstracts about TADs used as anchorage. After reading and 
applying the selection criteria, 26 articles were included in the study. The data obtained was divided 
into two topics: which factors affected TAD success and to what degree and in how many articles 
they were quoted. Clinical factors were divided into three main groups: patient-related, implant-
related, and management-related factors. 
Conclusions: Although all articles included in this meta-analysis reported success rates of greater 
than 80 per cent, the factors determining success rates were inconsistent between the studies 
analyzed and this made conclusions difficult. 
 
 
 
Introduction 
Anchorage is one of the most important elements for successful orthodontic treatment. 
Traditionally, orthodontics employed teeth and extraoral or intraoral appliances for anchorage, often 
relying on the patient compliance for its effectiveness. Osseointegrated dental implants were 
introduced to strengthen anchorage (Wehrbein and Merz, 1998; Wehrbein et al., 1999; Chen et al., 
2005; Wehrbein and Gollner, 2007), but these implants present with a number of disadvantages that 
limit routine use. 
More recently, different types of skeletal anchorage devices have been introduced, offering 
potential advantages compared to osseointegrated implants, including: smaller size, which in turn 
allows more versatile use and reduces amount of surgical intervention necessary, resulting in less 
patient discomfort; the possibility of immediate loading; lower costs; and ease of removal. 
Mini-implants are derived from endosseus implants. They have a conical shape with a head that 
emerges from the mucosa, and that allows connection with orthodontic appliances; mini-implants 
also contain a smooth transmucosal neck and an endosseous threaded body that can be 
manufactured with different thread designs and body shapes. Length and diameter vary widely 
between makes, and the surface is generally smooth, which limits osseointegration. 
Mini-plates that are used for orthodontic anchorage are very similar to maxillofacial plates, 
consisting of a base-plate and fixation screws made of titanium. The shape and size can differ, and 
the number of fixations can vary from two to five screws. 
Mini-screws are made of titanium and are specifically designed for orthodontic anchorage. Their 
shape is similar to that of mini-implants, but mini-screws are usually smaller (less than 2 mm in 
diameter) and sometimes more tapered. The thread can be self-drilling to allow direct insertion 
without the use of pre-drilling, which simplifies the insertion technique. 
To encompass all of the above mentioned devices in one definition, we decided to use the term 
TAD, (Temporary Anchorage Device) in this publication.  
A number of factors can vary in the use of TADs for orthodontic anchorage in humans: the aim 
of this systematic review is to analyze the influence of the various elements on the success rate of a 
temporary skeletal anchorage devices.  
 
 
Materials and methods 
The method for this review was based on the METHODS OF SYSTEMATIC REVIEWS AND 
META-ANALYSIS, published in the Journal of Clinical Epidemiology (Moher et al., 2009). 
A computerized literature survey was conducted using different databases: MEDLINE database 
(EntrezPubMed, www.ncbi.nlm.nih.gov), Scopus (www.scopus.com), and Web of Knowledge   
(apps.webofknowledge.com). A systematic search was conducted for conference abstracts 
published by the most important dental scientific societies up to December 2012.   
The key words used in this literature search were combinations of four terms: [screw orthodontic 
failure], [screw orthodontic success], [implant orthodontic failure] and [implant orthodontic 
success].  
The following selection criteria were used to select appropriate articles: (1) articles on implants 
and screws used as orthodontic anchorage, (2) data only from human subjects, (3) studies published 
in English, German, French, Spanish and Italian (4) studies with more than 50 TADs, and (5) 
studies that could be RCTs (randomized clinical trials), or prospective and retrospective clinical 
studies. 
Exclusion criteria included: (1) articles on standard dental implants, (2) animal studies, (3) in 
vitro studies, (4) case reports and case series, and (5) literature reviews. 
The articles were selected after first reading their titles and abstracts. All of the articles that 
appeared to meet the inclusion criteria on the basis of the abstract were read, and further selections 
were made.   
These articles were independently selected by three reviewers (EL, MD and DD). Any 
disagreements were resolved by discussion until consensus was achieved.  
The null hypothesis was that TAD success rates are independent ot the factors listed in Figure 1, 
and p values of <0.05 were chosen to indicate statistical significance.. Review Manager (RevMan) 
software (Version 5.2. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 
2012) was used to construct a forest plot for each factor considered at least by five studies, 
weighting implant failure rates, reported as odds ratios (OR), under the random-effects model. The 
same software was used to calculate the I2 index, which is an indicator of studies heterogeneity, and 
to construct a funnel plot, that was used to detect publication bias. I2 has a range of 0-100%: an I2 
value near 0% indicates that almost all the observed variance is spurious, whereas an I2 value near 
100% means that most of the observed variance is real. 
 
 
Results 
The electronic search provided 244 abstracts that addressed mini-screws and mini-implants used as 
anchorage. After screening, 35 of these abstracts were excluded because they described 
maxillofacial procedures. Another 10 abstracts that were literature reviews were also discarded. The 
remaining 199 articles, for which the abstracts seemed to be relevant, were read in full. After 
applying the selection criteria, 26 articles were considered suitable for the study. These articles 
contained specific references to the factors that could influence the success or failure of the mini-
screws or mini-implants. The sequence of the application of exclusion criteria is shown in 
Supplementary Figure 1, available online. 
The first search of the reviewed articles aimed to highlight all of the factors that were considered 
to have an effect on TAD success or failure. We divided those factors in three main groups: 
1) Patient-related factors 
2) Implant-related factors 
3) Management-related factors 
Each group could be further divided into sub-sections, as shown in Figure 1. 
The summary of all of the factors analyzed in each study is shown in supplementary Table 1, 
available online. 
Forest and funnel plots of TADs failures rates are reported in Figures from 2 to 6, and from 
supplementary Figures 2A-B, 3, and 4, available online, together with I2, Tau2, and Chi2 values. 
 
 
Discussion 
A systematic review with a strict protocol and an accurate search strategy was performed to 
provide data about success and failure rates of TADs. The primary aim of the review was to gather 
information about the factors that influence failure and success rates.  
The articles were selected according to specific inclusion and exclusion criteria to ensure 
appropriate selection of the literature. After evaluating all of the articles published about TADs and 
after the application of the inclusion criteria, 26 articles were considered to be suitable for review. 
 
Data analysis 
An evaluation of the methodological soundness of each article was performed, even if it was not 
used as a criterion for the inclusion of the studies in the review. 
For each study, four variables were considered: definition of success, configuration of the study, 
description of the analysis, and clinical explanation of the results. Each variable was valued with 1 
point if the descriptor was complete, with 0.5 points if the descriptor was partially fulfilled, and 
with 0 points if the request was not fulfilled or not mentioned. As the aim of our review was to 
evaluate factors that affected the success and failure rate of TADs (Juni et al., 2001; Higgins and 
Green, 2008; Reynders et al., 2009).  
The total score of the studies  was calculated, and the articles were classified as being high 
quality (H) if the overall score was 3 or more points, medium quality (M) if the score was between 
2 and 3 points, and low quality (L) if the score was under 2 points (Table 1). 
 
Success rate 
The average success rate was greater than 80% in all of the studies. 
In the articles that included analyses of different types of TADs, the individual success rate is 
specified for every type of TAD: some of the factors that influenced success rates were common to 
several articles, but other factors were only evaluated by a single work (Table 2). 
 
Patient related factors 
Figure 2 shows that there is no difference (p=0.60) in TAD failure rate between males and 
females. Funnel plot symmetry suggest a low risk of publication bias presence.  
Figure 3 suggests that age could be considered a factor that influence the success of TADs, 
which is lower (p=0.02) in patients under the age of 20 years, even if funnel plot asymmetry notice 
the possible presence of publication bias. An explanation for this finding could be due to the 
stability of TADs, which need mechanical retention. Bone density and the thickness of cortical bone 
play major roles in mechanical retention; thus it stands to reason that for older patients, retention 
should be better because bone density is higher, which results in fewer failures. Besides Schätzle et 
al. (2009) in their review suggest that in adolescent patients the use of compliance dependent 
appliances could be preferred to the use of TADs allowing for growth modification of patients that 
TADs cannot influence. 
Supplementary Figure 2A, available online, seems to suggest that there is no difference (p=0.41) 
in TAD failure rate placed in keratinized versus non-keratinized tissues. Actually when removing 
the study by Sharma (2011), which is the only one that found higher success rate in presence of 
non-keratinized tissues, forest plot analysis supports the presence of a significantly (p=0.007) 
higher success rates when TADs are placed in attached gingival tissues. Limited number of 
available studies and funnel plot asymmetry suggest to avoid speculative assumptions regarding this 
prognostic factor. 
Figure 4 report a significant (p<0.005) higher success rate when the soft tissue around TADs is 
not inflamed: peri-implant  inflammation, due to poor hygienic care, is a factor that lead to implant 
failure. Nevertheless, even in the absence of keratinized mucosa, health of the tissues around the 
implants can be maintained, provided that oral hygiene is correctly performed (Francetti et al., 
1997). Better hygiene is often achieved on the left side of the mouth in right-handed patients, who 
constitute most of the population (Tezel et al., 2001). Park et al. (2006) stated that TADs placed in 
the left side of the mouth exhibited  higher success rates than those placed on the right side. 
Figure 5 shows a significantly (p<0.005) higher success rate when TADs are inserted in the 
maxilla, in comparison with the mandible. Funnel plot symmetry suggest a low risk of publication 
bias. 
We were not able to perform a meta-analysis, as fewer than 5 studies were available for the 
following 'patient related factors': smoking, anatomical site (maxilla versus mandible) and 
proximity of TADs to adjacent roots..  
Smoking was associated with an increased risk of complications, as it causes mucositis, peri-
implantitis and implant loss. Bayat et al. (2010) found that heavy smokers exhibited higher failure 
rates in orthodontic mini-screws than non-smokers or light smokers. 
Bone drilling is a commonly used step before the insertion of dental implants and of mini-
implant TADs. The drilling process generates heat that impairs the turnover activity of bone tissue 
by causing hyperemia, necrosis, fibrosis, osteocytic degeneration, and increased osteoclastic 
activity. Bone temperature must be below 47° C during drilling to avoid thermal osteonecrosis.    
Friction of the drill may result in generation of heat in dense and thick cortical bone. The cortical 
bone of the mandible is thicker than the maxillary bone; thus, drilling may result in overheating the 
mandible and this risk appears higher for the lower jaw than the for the maxilla. This however 
would only apply for buccal insertion of TADs in the maxilla and does not explain the high success 
rate of TADs in the palate.  
  The placement of TADs in interradicular sites is often necessary for specific anchorage 
requirements. Safe insertion of TADs in interradicular sites can be performed on the buccal side 
with adequate bone-implant contact anywhere within the zones of attached gingiva, up to 6 mm 
apical to the alveolar crest thus allowing for enough interradicular space (Lim et al., 2007). Kim et 
al. (2010) revealed that root proximity itself is not a major risk factor for mini-implant failure. Root 
contact does not necessarily cause implant failure because the other implant surfaces in contact with 
the bone can ensure stability, especially if the implant-root contact area is stable during treatment. 
On the other hand, mini-implants contacting adjacent roots on more than one side exhibited more 
failures, which were most likely caused by decreased bone-to-implant contact.  
Operators need to remember that contact between root and TAD could potentially damage the 
root itself, although Janssen et al. (2008) demonstrated histologically almost complete repair of the 
damaged periodontal structure within 12 weeks following the removal of the screw. 
 
Implant-related factors 
Supplementary Figure 3, available online, shows that there is no difference (p=0.09) in TAD 
failure between mini-screws and mini-implants longer than 8mm, even if funnel plot asymmetry 
showed risk of publication bias and visual forest plot analysis possibly suggest a better result for 
longer TADs. 
Supplementary Figure 4, available online, shows that there is no difference (p=0.48) in TAD 
failure rate for mini-implants with a diameter of more than 1.3mm. The slight asymmetry of the 
funnel plot indicates a possible risk of publication bias.  
It was inappropriate to undertake a meta-analysis, because of the availability of less than 5 
studies, for the following implant-related factor: thread shape, TAD surface and use of plates versus 
mini-implants.   
The thread shape was evaluated to analyze the relationships between geometric characteristics 
and mechanical properties of TADs. It was found that thread shape correlates significantly with 
maximum insertion torque, as analyzed with pull-out tests (Migliorati et al., 2012a; Migliorati et al., 
2012b; Migliorati et al., 2012c): the removal torque of TADs after use is considered an element that 
is correlated with TAD stability.  
Chaddad et al. (2008) compared two systems with different surface characteristics: machined 
pure titanium and a sand blasted, acid-etched surfaces. They concluded that the differences in the 
survival rates between the two types were not statistically significant; therefore, the type of surface 
may not be the primary consideration in choosing TADs. In their study on palatal implants, Jung et 
al. (2012) analyzed two types of implants: single-piece implants vs. implants with sand-blasted and 
acid-etched surfaces. They also found that the type of implant had no influence on the implant 
success rates. 
Some articles evaluated different type of TADs, including mini-plates that used multiple screws 
for anchorage. Mini-plates exhibited a greater stability compared with mini- and micro-screws, but 
they required flap surgery for insertion and removal, which could cause swelling and discomfort. 
Chen et al. (2008)  suggested that mini-plates exhibited a higher success rate  if the insertion site 
was outside the alveolar area and if they were secured with multiple screws. Kuroda et al. (2007) 
used two types of mini-screws that were different in size, in addition to a mini-plate fixed with three 
small mini-screws. They found no differences in the success rates of the three types of TADs; they 
affirmed that the type of TAD does not affect the success rate, but they recommended the use of 
smaller mini-screws when the implant site allows, as  these can be inserted without a flap.  
 
Management related factors 
Figure 6 shows that there is no difference (p=0.65) in TAD failure rate between early (less than 4 
weeks) and delayed (4 weeks after insertion) orthodontic loading. Funnel plot symmetry indicates a 
low risk of publication bias presence.  
Meta-analysis could not be performed as less than 5 studies were available that investigated the 
following 'management-related factors': type of surgery, pre-drilling, operator experience, type of 
loading, type of connection to the implant and type of movement.  
The type of surgery used for the insertion of the TADs is considered to be important for patient 
comfort. TADs can be inserted with a flap surgery, in which the mucoperiorsteal flap is reflected to 
expose the cortical bone and then sutured after insertion. On the other hand, flapless surgery can be 
performed without a mucoperiosteal incision, crafting the screw holes with a round cutter or punch 
and then pre-drilling the bone. Kuroda et al. (2007) considered two different clinicians and the two 
types of surgical procedures: the success rate of the two groups of mini-screws were very similar, 
and the different operators did not influence the success rate of mini-screws.  Screws inserted 
without flap surgery were more comfortable for patients. 
Cornelis et al. (2007) in a review based on animal studies, looked at success rate of pre-drilled 
mini-implants compared to directly inserted screws and the diameter of the pilot hole. In cases were 
diameter of the hole was narrower than the diameter of the screw, no failures were reported. 
Other studies looked at the success rates of TADs in relation to insertion by different clinicians. 
Most stress the importance of a learning but some conclude that the failure rate is implant-specific 
(Luzi et al., 2007; Chen et al., 2008; Jung et al., 2012) and thereby conclude that different operators 
do not affect success rates.  
The type of movement, the treatment target, and the appliances used for loading may be 
correlated to success rates. Park et al. (2006) analyzed the method of force application to screw 
implants, which were one of the following type: power chain, super-elastic thread, nickel-titanium 
coil spring, or ligature tie-back. They found no significant correlation between the success rate and 
the method of force application. 
Jung et al. (2012) analyzed palatal implants for orthodontic treatment and used different 
connective systems between palatal implants and teeth using orthodontic forces that ranged from 1 
to 6 N. Their data showed that the supra-construction design, the direction of loading and the force 
applied on the implant had no influence on implant stability.   
When the type of movement is considered, various studies agreed that the direction of tooth 
movement is important in determining the success rate, but the articles were inconsistent in 
identifying unfavorable direction of load. Kuroda et al. (2007) evaluated the type of tooth 
movement for which the TAD was used. They analyzed the success rate of mini-screw implants 
used for retraction, protraction and intrusion of teeth. The implant used for intrusion in the posterior 
maxilla and mandible exhibited significantly lower success than the ones used for other orthodontic 
indications. This result could be due to the type of bone, the higher risk of peri-implantitis in the 
maxilla, technical difficulties, and obstacles to oral hygiene in the mandible. 
 
 
Conclusions 
The conclusions of this analysis must be interpreted cautiously because of the disparate nature of 
the studies reviewed and the heterogeneity of the data: success was not equally defined in the papers 
scrutinized in this investigation and it would therefore be inappropriate to try and give an exact 
figure for implant stability and success and the factors that may have an impact on the figures. 
Furthermore, few studies commented if treatment goals could have been achieved without the use 
of TADS, but using other means of providing orthodontic anchorage instead.  
However, some general conclusions can be drawn from the analysis of the data investigated: 
1. In the studies analyzed TADs were only one of several anchorage options available: they 
were utilized mainly because they were a compliance free method of providing anchorage and 
were often less bulky than alternative anchorage devices. 
2. In all of the studies, the rates of TADs utilization's scopes achievement were greater than 
80%.  
3. TADs were more successfull when inserted in the alveolar bone of the maxilla compared to 
the alveolar bone of the mandible, and when they are used in patients older than 20 years of age. 
4. Good oral hygiene around the implant site is very important because it prevents soft tissue 
inflammation, which is associated with higher TAD failure rates. 
 
References 
Antonszewska J, Papadopoulos M A, Park H S, Ludwig B 2009 Five-year experience with 
orthodontic miniscrew implants: a retrospective investigation of factors influencing success 
rates. American Journal of Orthodontics and Dentofacial Orthopedics 1365: 158-159 
Bayat E, Bauss O 2010 Effect of smoking on failure rates of orthodontic miniscrews. Journal of 
Orofacial Orthopedics 71: 117-124 
Berens A, Wiechmann D, Dempf R 2006 Mini- and micro-screws for temporary skeletal anchorage 
in orthodontic therapy. Journal of Orofacial Orthopedics 67: 450-458 
Chen F, Terada K, Hanada K, Saito I 2005 Anchorage effects of a palatal osseointegrated implant 
with different fixation: a finite element study. The Angle Orthodontist 75: 593-601 
Chen F, Terada K, Hanada K, Saito I 2006 Anchorage effect of osseointegrated vs non 
osseointegrated palatal implants. The Angle Orthodontist 76: 660-665 
Chen C H, Chang C S, Hsieh C H, Tseng Y C, Shen Y S, Huang I Y, Yang C F, Chen C M 2006 
The use of microimplants in orthodontic anchorage. Journal of Oral and Maxillofacial Surgery 
64: 1209-1213 
Chen Y I, Chang H H, Huang C Y, Hung H C, Lai E H H, Yao C C J 2007 A retrospective analysis 
of the failure rate of three different orthodontic skeletal anchorage systems. Clinical Oral 
Implants Research 18: 768-775 
Chen Y J, Chang H H, Lai E H H, Hung H C, Yao C C J 2008 Stability of miniplates and 
miniscrews used for orthodontic anchorage: experience with 492 temporary anchorage devices. 
Clinical Oral Implants Research 19: 1188-1196  
Cheng S-J, Tseng I-Y, Lee J-J, Kok S-H 2004 A prospective study of the risk factors associated 
with failure of min-implants used for orthodontic anchorage International Journal of Oral 
Maxillofacial Implants 19: 100-106 
Cornelis M A, Scheffler N R, De Clerck H J, Tulloch J F C, Nyssen-Behets C   2007  Systematic 
review of the experimental use of temporary skeletal anchorage devices in orthodontics  
American Journal of Orthodontic and Dentofacial Orthopedics 131:S52-58 
Francetti L, Chioatto M, Craveri D 1997 Importance of the masticatory mucosa in the maintenance 
of healthy peri-implant soft tissues. Review of the literature. Minerva Stomatologica 46: 399-405 
Higgins J P T, Green S 2008 Cochrane Handbook for Systematic Reviews of Interventions 5.0.0. 
The Cochrane Collaboration. Available at: www.cochrane-handbook.org 
Janssen K L, Raghoebar G M, Vissink A, Sandham A  2008  Skeletal anchorage in orthodontics-A 
review of various systems in animal and human studies. The International Journal of Oral and 
Maxillofacial  Implants 23: 75-88   
Jung B A, Kunkel M, Golliner P, Liechti T, Wagner W, Wehrbrein H 2012 Prognostic parameters 
contributing to palatal implant failures: a long term survival analysis of 239 patients. Clinical 
Oral Implants Research 23: 746-750 
Juni P, Altman D G, Egger M. Assessing the quality of controlled clinical trials 2001 British 
Medical Journal 323: 42-46 
Kim S H, Kang S M, Choi Y S, Kook Y A, Chung K R, Huang J 2010 Cone beam computed 
tomography evaluation of mini-implants after placement. Is root proximity a major risk of 
failure? American Journal of Orthodontics and Dentofacial Orthopedics 138: 264-276 
Kuroda S, Sugawara Y, Deguchi T, Kyung H M, Takano-Yamamoto T 2007 Clinical use of 
miniscrew  implants as orthodontic anchorage: success rates and postoperative discomfort. 
American Journal of Orthodontics and Dentofacial Orthopedics 131: 9-15 
Lee S J, Ahn S J, Lee J W, Kim S H, Kim T W 2010 Survival analysis of orthodontic mini-
implants. American Journal of Orthodontics and Dentofacial Orthopedics 137: 194-199 
Lim W H, Lee S K, Wikesjö U M, Chun Y S 2007 A descriptive tissue evaluation at maxillary 
interradicular sites: implications for orthodontic mini-implant placement. Clinical Anatomy 20: 
760-765 
Lim H J, Eun C S, Cho J H, Lee K H, Hwang H S 2009 Factors associated with initial stability of 
miniscrew for orthodontic treatment. American Journal of Orthodontics and Dentofacial 
Orthopedics 136: 236-242 
Luzi C, Verna C, Melsen B 2007 A prospective clinical investigation of the failure rate of 
immediately loaded mini-implants used for orthodontic anchorage. Progress in Orthodontics 8: 
192-201 
Männchen R, Schätzle M 2008 Success rate of palatal orthodontic implants: a prospective 
longitudinal study. Clinical Oral Implants Research 19: 665-669 
Manni A, Cozzani M, Tamborrino F, De Rinaldis S, Menini A 2011 Factors influencing stability of 
miniscrews. A retrospective study on 300 miniscrews. European Journal of Orthodontics 33: 
388-395 
Migliorati M, Benedicenti S, Signori A, Drago S, Cirillo P, Barberis F, Silvestrini Biavati A2012 
Thread shape factor: evaluation of three different orthodontic miniscrews stability. European 
Journal of Orthodontics [Epub ahead of print] 
Migliorati M, Signori A, Silvestrini Biavati A 2012 Temporary anchorage device stability: an 
evaluation of thread shape factor. European Journal of Orthodontics 34: 582-586 
Migliorati M, Benedicenti S, Signori A, Drago S, Barberis F, Tournier H, Silvestrini-Biavati A 
2012 Miniscrew design and bone characteristics: an experimental study of primary stability. 
American Journal of Orthodontics and Dentofacial Orthopedics 142: 228-234 
Miyawaki S, Koyama I, Inoue K, Mishima k, Sugahara T, Takano-Yamamoto T  2003  Factors 
associated with the stability of titanium screws placed in the posterior region for orthodontic 
anchorage  American journal of Orthodontics and Dentofacial Orthopedics 124:373-8 
Moher D, Liberati A, Tetzlaff J, Douglas G A 2009 Preferred reporting items for systematic reviews 
and meta-analyses: the PRISMA statement. Journal of Clinical Epidemiology 62: 1006-1012 
Moon C H, Lee D G, Lee H S, Im J S, Baek S H 2008 Factors associated with the success rate of 
orthodontic miniscrews placed in the upper and lower posterior region. The Angle Orthodontist 
78: 101-106 
Moon C H, Park H K, Nam J S, Im J S, Baek S H  2010 Relationship between skeletal vertical 
patterns and success rate of orthodontic mini-implants. American Journal of Orthodontics and 
Dentofacial Orthopedics 138: 51-7 
Motoyoshi M, Inaba M, Ono A, Ueno S, Shimizu N 2009 The effect of cortical bone thickness on 
the stability of orthodontic mini-implants and on the stress distribution on surrounding bone. 
International Journal of Oral and Maxillofacial Surgery 38:13-18 
Motoyoshi M, Ueno S, Okazaki K, Shimizu N 2009 Bone stress for a mini-implant close to the 
roots of adjacent teeth--3D finite element analysis. The International Journal of Oral and 
Maxillofacial Surgery 38: 363-368 
Motoyoshi M, Uemura M, Ono A, Okazaki K, Shigeeda T, Shimizu N 2010 Factors affecting the 
long term stability of orthodontic mini-implants. American Journal of Orthodontics and 
Dentofacial Orthopedics 137: 588.e1-.e5 
Park H S, Jeong S H, Kwon O W 2006 Factors affecting the clinical success of screw implants used 
as orthodontic anchorage.  American Journal of Orthodontics and Dentofacial Orthopedics 130: 
18-25 
Reynders R, Ronchi L, Bipat S 2009 Mini-implants in orthodontics: a systematic review of the 
literature. American Journal of Orthodontics and Dentofacial Orthopedics 135: 564.e1-.e19 
Sharma P, Valiathan A, Sivakumar A 2011 Success Rate of microimplants in a University 
orthodontic clinic. International Scholarly Research Network Surgery 2011:982671  
Schätzle M, Männchen R, Zwahlen M, Lang N P  2009  Survival and failure rates of orthodontic 
temporary anchorage devices: a systematic review  Clinical Oral Implant Research 20:1351-1359 
Takaki T, Tamura N, Yamamoto M, Takano N, Shibarara T, Yasumura T, Nishii Y, Sueishi K 2010 
Clinical study of temporary anchorage devices for orthodontic treatment – stability of micro/mini 
screws and miniplates: experience with 455 cases. The Bulletin of Tokyo Dental College 51: 
151-163 
Tezel A, Orbak R, Canakçi V 2001 The effect of right or left-handedness on oral hygiene. The 
International Journal of Neuroscience 109: 1-9 
Viwattanatipa N, Thanakitcharu S, Uttraravichien A, Pitiphat W 2009 Survival analysis of surgical 
miniscrews as orthodontic anchorage. American Journal of Orthodontics and Dentofacial 
Orthopedics 136: 29-36 
Wehrbein H, Merz B R 1998 Aspects of the use of endosseous palatal implants in orthodontic 
therapy. Journal of Esthetic Dentistry 10: 315-324 
Wehrbein H, Feifel H, Diedrich P 1999 Palatal implant anchorage reinforcement of posterior teeth: 
a prospective study.  American Journal of Orthodontics and Dentofacial Orthopedics 116: 678-
686 
Wehrbein H, Gollner P 2007 Skeletal anchorage in orthodontics—basics and clinical application. 
Journal of Orofacial Orthopedics 68: 443-461 
Wiechmann D, Meyer U, Buchter A. Success rate of mini-and micro- implants used for orthodontic 
anchorage: a prospective clinical study. Clin Oral Impl Res 18,2007, 236-267 
Wu T Y, Kuang S H, Wu C H 2009 Factors associated with the stability of mini-implants for 
orthodontic anchorage: a study of 414 samples in Taiwan. Journal of Oral and Maxillofacial 
Surgery 67: 1595-1599 
 
 
 
  
